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PHARMACOLOGICAL ACTIVITY OF BASIC ALKYL
ESTERS OF SUBSTITUTED PYRROLIDINE
DICARBOXYLIC ACIDS -'
I. LOCAL ANESTHETIC ACTIVITY AND TOXICITY*
NORWOOD K. SCHAFFER AND TED A. LOOMIS
The present communication deals with the local anesthetic activ-
ity and toxicity of 16 basic alkyl esters of substituted pyrrolidine
dicarboxylic acids.t In an accompanying article5 the intestinal,
uterine, and depressor activity of these compounds is presented.
Twelve of the compounds were 2, 5-di-(3-diethylaminoethyl)
esters and 3 were 2, 5-di-(y-diethylaminopropyl) esters. One was
2-(Zdiethylaminoethyl) and 5-ethyl ester. All of the compounds
had aliphatic or aromatic subst.itutions on the nitrogen of the pyrro-
lidine ring.
Methodsh
The compounds were tested in the form of their hydrochloride salts, but
all concentrations refer to the free bases. The free bases (oils) were neutral-
ized with 1 N HCI, made up to 20 per cent concentration and further diluted
just before testing. All were quite soluble in water except the p-methyl
phenyl and p-chlorophenyl derivatives, which were sufficiently soluble for
testing purposes. Although the hydrochloride solutions appear to be stable,
they were used for local anesthetic testing on the day they were made up
and within a few days for toxicity testing.
Local anesthetic activity tested by the rabbit cornea method. Local anes-
thetic activity was determined quantitatively by the rabbit cornea method.
Interfering hairs surrounding the eye were cut. The 20 per cent solutions
of the hydrochlorides were diluted to suitable concentrations with an isotonic
sodium phosphate buffer at pH 7.4 (0.0125 M NaH2PO4 + 0.0471 M
Na2HPO4). The animal was placed in a box and while holding its head
firmly an excess of the solution was instilled in the conjunctival sac and the
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lower lid was held open for 2 minutes. The corneal reflex was tested by
gently stroking the lower cornea 4 times with a fine, moist cotton swab. This
was done 1 minute after instillation of the compound and every 2 minutes
thereafter. If a single reflex was obtained from the 4 strokes in 2 successive
tests, the cornea was not considered anesthetized. Very slight movement of
the lids was ignored. Anesthetic action for a minimum period of 5 minutes
was required before a test was considered positive. The eye was not washed
out until the conclusion of the testing. For a given dosage only 1 eye of a
given rabbit was used and eyes were not used more often than once daily.
The same rabbits were used in testing all the compounds. Most of the testing
of the compounds and the standards, cocaine, procaine, and butyn, was done
within a 3-week period.
At selected concentrations of the compounds only some of the rabbits
tested showed anesthesia. Three concentrations were chosen so that at one
concentration all of about four eyes were anesthetized and at 2 other near
concentrations only 1, 2, or 3 of about 4 eyes were anesthetized. Such an
all-or-none response permitted the calculation of the ED50 (effective dose
anesthetizing 50 per cent of the eyes) in the same manner as the LDo0. The
doses and responses for each compound are given in table 1 (see table 3 for
identification of code numbers).
TABLE 1
DOSAGE (PER CENT) AND RESPONSE (EYES ANESTHETIZED/EYES TESTED)
Al A2 A3 A4 AS A6
0.10 1/5 0.06 1/4 0.10 1/4 0.3 1/4 0.5 0/6 1.0 1/6
0.13 3/4 0.075 2/4 0.15 2/3 0.5 2/4 0.75 2/4 25 2/4
0.15 4/4 0.09 5/5 0.2D 3/3 1.0 4/4 1.0 4/4 5.0 4/6
A7 A8 Bi B2
5.0 0/1 4.0 0/4 0.05 1/4 0.035 1/4
8.5 0/1 5.0 0/2 0.10 5/7 0.05 3/4
0.20 4/4 0.10 4/4
B3 B4 B5 B6 B7 B8
0.035 1/4 0.05 2/5 0.04 1/4 0.05 1/4 0.05 2/5 0.15 1/4
0.05 3/4 0.07 2/4 0.05 2/5 0.075 2/5 0.07 2/4 0.25, 3/4
0.10 4/4 0.10 4/4 0.06 6/7 0.10 4/4 0.10 4/4 0.35 4/4
Cocaine Procaine Butyn
hydrohloride hydrochloride sulfate
0.02 0/4 0.05 0/4 0.0078 1/4
0.025 2/4 0.075 2/4 0.0156 3/4
0.03 2/4 0.10 4/5 0.0313 4/4
0.0375 4/4
The ED50 was computed according to the method of Bliss.2' 3 The
slopes of all compounds and the standards, except A6, were homogeneous
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when tested by Chi square (X2b=6.52, n=15, P=0.98, bc=7.23). The
exact formule3 for the ED5o and fiducial limits were used. The fiducial
limits are the limits within which the ED50 would be expected to occur in
95 per cent of the times determined under similar conditions. The slope of
compound A6 was so small (b=2.02) as compared with the other compounds
that its ED50 and fiducial limits were calculated separately. In this case the
approximate formulae were used because the limits were indeterminate with
the exact formula.
Local anesthetic activity tested by the guinea-pig wheal and the frog
urostyle methods. Some of the compounds were tested for local anesthetic
activity by a guinea-pig wheal infiltration method' and by the frog urostyle
spinal method.1 A modified guinea-pig wheal method was employed.
Guinea-pigs weighing at least 300 gm. were used. The animal was tied to
a board and the hair on its back was clipped. Before each injection the mini-
mal strength of an induction-coil shock that would produce definite movement
of the skin on the back was determined. Two-tenths of a cubic centimeter
of 0.25 or 2.5 per cent solutions of the compounds or standards in normal
saline were injected intracutaneously. The area of the wheal was marked
with ink. At 2-minute intervals the minimal stimulus was applied to the site
of the wheal. Failure of movement of the skin as compared with movement
on stimulation of uninjected neighboring sites was taken as an index of anes-
thesia. As the anesthesia began to wear off 1 or 2 of 3 induction shocks
gave a response. The termination of anesthesia was taken when all 3 induc-
tion shocks gave responses. The injected areas were observed for evidence
of irritation over a period of 2 weeks. Small nodule formation was recorded
as slight irritation, scaling of the skin with loss of hair as moderate irritation,
and ulceration as severe irritation.
Mydriasis. Mydriatic activity was determined in rabbits.
Toxicity. Toxicity was studied by intraperitoneal injection in albino mice.
The LD50 was computed by the method of Bliss.2' 3 Mice weighing between
14 and 25 gm. were used. The 20 per cent solutions of the hydrochlorides
were diluted with 0.9 per cent sodium chloride solution for the injections.
Freshly prepared solutions were used except with the ethyl derivative, which
was a two-month-old 20 per cent solution kept in the refrigerator. About
24 mice were used with a single compound, except with the 3-phenyl ethyl
and ethyl derivatives with which only 7 mice were used because of a limited
supply of material. The doses and mortality for each compound are given in
table 2. All mice injected with lethal doses died following clonic convulsions.
The compounds were studied in groups of 8 aliphatic derivatives, desig-
nated as "A", and 8 aromatic derivatives, designated as "B", besides the
standard cocaine hydrochloride. The homogeneity of slopes within each
group and between groups was tested by Chi square. The slopes of group A,
excluding compounds A3 (/3-phenyl ethyl) and A7 (ethyl), were homogene-
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TABLE 2
DOSAGE (MG. PER KG.) AND MORTALITY (ANIMALS DIED/ANIMALS USED)
Al A2 A3 A4 AS A6
500 0/6 460 0/3 100 0/1 500 0/6 70 0/9 125 0/6
750 1/6 500 0/3 200 0/2 625 2/6 95 5/8 185 2/6
1000 2/6 580 1/4 330 1/3 750 3/6 120 5/7 250 4/6
1125 2/6 640 3/4 530 1/1 1000 6/6 200 7/7 320 6/6
1250 6/6 700 3/4
A7 A8 B1 B2 B3 B4
750 0/5 750 0/5 220 0/6 250 0/6 330 0/6 350 0/6
1000 2/4 1000 1/6 250 1/6 313 2/6 375 2/6 500 1/5
1500 1/1 1500 4/6 320 2/6 344 5/10 420 3/6 850 4/5
2000 1/1 2000 4/6 375 6/6 375 6/6 525 5/6 1000 6/6
Cocaine
B5 B6 B7 B8 hydrochloride
250 0/6 200 0/3 125 0/6 100 0/6 25 0/5
313 1/6 225 1/6 157 1/6 140 1/6 50 1/6
375 4/6 250 3/6 188 2/6 155 2/6 75 2/6
500 6/6 263 4/6 219 5/6 175 6/6 105 5/5
275 4/4 375 6/6
ous (X2b=1.34, n=5, P=0.93, b,=11.14). The combined slope was
used for compounds A3 and A7. The slopes of group B were also homo-
geneous (X2b=6.98, n=7, P=0.43, b,= 14.77). The X2b between groups
A and B was 2.314 (n= 1, P=0.13). This is in the direction of a
significant difference between slopes, but the data are not sufficient to
warrant concluding that there is a significant difference. The X2b between
groups A, B, and cocaine (b= 7.45) was 5.573 (n=2, P=0.06) which is
on the borderline of a significant difference between groups. Accordingly,
the LD50 and limits of each group were calculated using the combined slope
of the group. The exact formulae3 for the LD50 and fiducial limits were
used.
The therapeutic index of local anesthetic activity (LD50/ED50) and
the ratio of the therapeutic index to that of cocaine were calculated.
Results
The chemical formulae, the ED50 of local anesthetic activity,
the LD50, and therapeutic indices of the pyrrolidine compounds are
given in table 3. The compounds are arranged in the order of
diminishing therapeutic indices. The benzyl and n-hexyl derivatives
had the highest indices which were 3.4 times that of cocaine. The
benzyl derivative had a high index by virtue of its lowtoxicity (LD50
of 1054 mg. per kg.) rather than because of a low ED50 (0.11 perPYRROLIDINE LOCAL ANESTHESIA AND TOXICITY
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cent). The i-hexyl compound was more toxic (LD50 of 631 mg.
per kg.), but this was equalized by its lower ED50 (0.068 per cent).
The 2, 4-dimethyl phenyl, o-methyl phenyl, and 3, 5-dimethyl
phenyl derivatives had indices between 3.1 and 2.7 times that of
cocaine. Four other compounds had indices between 2 times that
of cocaine and equal to cocaine. The most potent anesthetics were
the o-methyl phenyl and 3, 5-dimethyl phenyl derivatives (ED50
of 0.042 per cent). These were still not as active as cocaine (0.027
per cent) or butyn (0.011 per cent). The p-methyl phenyl deriva-
tive, the only monobasic alkyl ester, was the next most active com-
pound (0.049 per cent), but its greater toxicity brought it down to
the seventh place on the therapeutic index list. In general, the
arotmatic derivatives were more active than were the aliphatic deriva-
tives. The ethyl and ,3-methoxy ethyl compounds were inactive and
the butyl derivative was only slightly active (2.87 per cent). The
basic propyl ester of the phenyl derivative had an ED50 of 0.060
per cent as compared with 0.215 per cent for the basic ethyl ester
of the phenyl derivative. This-indicates that propyl esters are more
active than are ethyl esters.
The present rabbit cornea method is far more sensitive than is
a recently described guinea-pig cornea method.4 With the latter
method the EDr0 of cocaine and procaine hydrochlorides wa§ 0.215
and 2.60 per cent, respectively. The corresponding ED50 with the
present method is 0.027 and 0.078 per cent.
Irritation as evidenced by pitting of the cornea was not promi-
nent at the concentrations studied. Slight to moderate pitting was
present in some of the eyes with the 2, 4-dimethyl phenyl, p-chloro-
phenyl, phenyl, and isobutyl derivatives and with butyn.
The local anesthetic activity of a number of the compounds was
checked tby the guinea-pig infiltration and frog urostyle spinal
methods (table 4). The results agree qualitatively with those
obtained by the rabbit cornea method. Judging from the duration
of anesthesia in the guinea-pig wheal method the benzyl derivative
compared favorably with procaine.
The aromatic compounds were in general more toxic as well as
more active local anesthetics than were the aliphatic compounds.
Likewise, there was indication from the phenyl derivatives that
propyl esters are more toxic than are ethyl esters.
Mydriatic activity in the rabbit was studied with 6 compounds
(table 4). The p-methyl phenyl and phenyl (propyl ester) deriva-
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tives showed moderate mydriasis at 1 per cent concentration, whereas
4 other compounds were inactive.
Sumwary
The local anesthetic activity and the toxicity of 16 basic alkyl
esters of substituted pyrrolidine dicarboxylic acids were determined.
The compounds were of the general structure: di-(3-diethylamino-
ethyl) ester of 1-R-pyrrolidine-2, 5 dicarboxylic acid. The benzyl
(R=benzyl) and n-hexyl derivatives had the highest therapeutic
indices, 3.4 times that of cocaine. Six other derivatives which had
therapeutic indices greater than that of cocaine were: 2, 4- and 3, 5-
dimethyl phenyl, o- and r-methyl phenyl, p-methyl phenyl (mono-
basic ester), and 5-p'henyl ethyl. The most potent local anesthetics
were the o-methyl phenyl and 3, 5-dimethyl phenyl derivatives
with values for ED50 of 0.042 per cent. These were not as active
as cocaine (0.027 per cent) or butyn (0.11 per cent), but were only
about one-fifth to one-fourth as toxic as cocaine. The next most
active derivatives each with an ED50 below 0.08 per cent were:
p-methyl phenyl (monobasic ester), r-methyl phenyl, phenyl
propyl ester), n-hexyl, p-chlorophenyl, and 2, 4-dimethyl phenyl.
An improved rabbit cornea method for the determination oflocal
anesthetic activity is described.
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